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x-^(it.tL-':;?:^).i oizmmzwv*) s-c* . 
[ o o 7 <-> ] 

IK24] 

0" : '- ( s.j ( s ) = ( jft ( s ) . Z ( s ) ) 



( s- t ) = (xt < s ) (lfe) , I!s) ) 
[ 0 0 S 0 ] ZcrmWzmRllk ->"C . 1#^> 1 oAvit 
£>-1#ffitf > tT ffi' < 7 X — 5r T# o -C t ^ fz t> . \^h/H 

■l>^RIiE3ilS. t'£o'C\ .^-r -/7S 2 2X' r ^v >< — 
^ p (C 1 /;Mr ■■/ h X -r- 7 S 2 3 X'ffi L ^ ^— s r 

: a,-* 1 , a^' ; (-pl(*W(c(.±. •W'SU5n/> 

/V^.* — (Cl Sr-b-* h L . Xf-/7 : S 2 

[ 0 0 S 1 1 
C^26 ] 



Z 1 ogp(y, I 0 vp ~ i/ ( s 0 ))^2 logp(y,ia tPM, (S:)) 



t : xi=xi 

[0 082 1 7,r»/7S2 3?VES-;'Mif. X-r-, 
7 : S 2 6^tI;7^/L x.;. .) - 1 Jizn 



<~ J r<i^3>A ;r ^ZK ] 2:m ] ')^X. NO" 



t : x l = x, 

o, i ; *;tt*m^-x$m-i'Z>- 

l 0 0 8 3 3 
IS27] 



(s k ) = (1/N k ) Z y t 



■r -/7 J S 2 Ot^?.^-^ J r l/-i(t < > ^ 'J ;A > h L 

t x r- ■;/ 7S2 5 *) hi^m^m n . .7. ••/ 

7 ; S 2 S X'Y E S"C-;f>S i * . ■/ 7^S 3 0"C\ M« 

Z iP ' (s k ) 

= (l/N k )Z Z (y, -u CD) (s k ))(y t -M (p) (s k )) 1 

X|£A k (p) t : x, = Xj 
Ni= Z N, 
11 €A k <p) 

[00S41 Nli it : x,-x4 (Cfc(t4^ 

-/S3 1 X'mi-tmwjkftt ix.'<-+< i, a >nmt 



t : xt eA k Cp> 



[ 0 0 8 5 ] 

[^(3 0) I — — N i? 1 o^c ! Z 1 ^ ( s.) I — N : _ 

1 <:> & I - (Si) ! 

{ 0 0 8 6 3 r/ii^mnzMtK^ixtzU^fz 

l 0 0 8 7 ] 
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(S3 1 3 I... i. 

l 0 0 8 8 ] ?v-r ■■/ 7 : S32 f\ ft 2 9 *r iftiiii'w^o 
'.J x > h L -ZAn--' 7 : S 2 S/-:^o±j^)70:rir^')i!Z 



lft3 2 1 

S, 1 (s) = 2 y, 

t ! X | — X| , S t = S 

[S3 3 1 

s,* (s) = z y» y, 1 

t : x, =x, t s i = s 

[ o o 9 1 1 iwKsajH-t&c: o itzmmn. mmt 
m^-mm *n. mztx/c mz .* * « j *c km $ * i 

"C i» & Tffi^V ^./7 7t(l S 7f W«] -r .X h ( ft 2 

^"/J^r^L-r^^. ST. WrrWl^rf.b (ft 

2 6 ) S Z £ <c.x if im^Z> ■ 

I 0 0 9 2 ] 
[ft34 1 



i o o s 9 ] ±MT)i or-; x>,c\)mmnz*\i-:ii. .?> 
c > bizm-tm 7Tim «:*Hrf *, 1 c 

,t 0 7 r^'T 1 >(Z £ OjI' 

31 L -r - 9 y AZ^^X iftirr % WMmm 1* It %*T 
::t. N ,{±>C =■ x &m+&imsizijifi>*r> 
7>l -r-LT. i'Jjt^.) 

J: :) tz . 1 2 tf^tASrfEttr* - 
[ 0 0 9 0 1 

2N, log I 2(s 0 ) I + £ (y t - m(so)) 1 2(s 0 )* A (y. -u(so)) 
t : x , = x, 

S2N, log I 2( Sl ) i + 2 (y l -M(s-» t S(s 1 )- 1 (y,-tf(3i» 
t :xt=xj 

[ 0 0 9 3 3 l^ : &*f&m\L'*&1'z?>. 5fI@IM^t c?) J; :3 (^iP-fli-T^ Z >rf>V* h . 

.hfl- * ?)!d-° ( p ) 5r-WBSi- S %m?mt . 83 25 [ 0 0 9 4 ] 

t**i3 3(ci i)-*f,t ^n*. *sft«*r f«em-r « . W.T [ft 3 5 ] 

2 (y t -u (so) ) '2 (so) _1 (y t -M (s 0 ) ) 
t :xt=x] 

= 2 tr [ ( yi -w (s 0 ) ) (y t ~u (s G ) ) 1 2 (s 0 ) _1 ] 
t : x, = Xj 

= t r [ 2 (y, - m (so) ) (yi-M(s 0 ))'2(so)" 1 ] 

t : x i = x j ♦ . 

= tr[S(y t y t , -y t w(so) , -/i(so)yt , +/i(so)/i(s 0) t)2(s 0 )" : ] 
t : x, =xj 

= tr[(S, 3 -S, 1 u(s 0 r -u(s 0 )(S J 1 ) t +N, u(s 0 )m(so) , )X(so)" 1 ] 
[0095] C ZX\ M^z* A z-tr ( z z ^jaiW.T^)ilOC,?>a 
r A) . RWIB^U r ( • ) //l^S^FTASb [0098 3 

ft > . ITF?)J: o '^t-x K^rt^flft . 
[ 0 0 9 6 3 

[ft 3 6 3 2 N ,10s 1 Z(s,i i -Kr( ( S 1 -'-2S 1 L /«(s 
0 ) l -*-Nu«(s 0 ) .u(s 0 )9 KsO-n ^2i\ H los i Z( s,) 
i -rtr [ ( Sr- 2 Sy^ ( s ; ) 'fN^(( u( r ^ 

[ 0 0 9 7 3 + fr^+ir Sfflt ^ / ^.^-^Slf 
2 (s k ) 

= (l/N k ) S 2 (y t -/i (s k ) ) <y,-xi (s k ) ) * 

X| t x j 

= (l/N l )£ £ (y, y,' -y, xi(sk)' -M(s k )y, 1 +tf(s k )u(s k )') 

x, € A k t : x, =Xj 
= <1/N\)E (S, ! -S,' uistr-uMiS,')' +N, w(s k )tf (s k )') 
x, e A„ 



[«3 7] 

(s k ) 

= (1/N k ) £ Z y, 

xj e A k t : x, =X| 

= (1/N k ) Z Sj l <s) 
Xj e A k 

[«3S] 
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[ ( .) 1 o t.) ] 
[3*3 9] 

M 

I og I Z | = Z logo D ! 
m= 1 

[«40] 



M 

t r <Z A Z B '*) = Z a A .D 2 /a a , , 2 
m= 1 

[ 0 10 1] . STrL i >S;rS']^- * MiWT^J; o 



[ 0 10 2] 
[SU 1 ] 



[S4 2] 



C + Z lS ]i0 i (s)-2S 3 . a i (s)u 0 (So) + N l ^ l (s 0 ) z ) /a o 2 (s 0 ) 
m 

^C. + Z IS i . 1 2 (s)-2S i(1 1 (s)/i 1 (s l ) + N i Uo(S:)M /a. 2 (s:) 

m 

[ 0 10 4] 
[«4 3 1 



C k =N, 1 og <na 0 * (s k ) ) 
m 



18441 



a." (s k ) 

= (1/N k ) Z (S i . 0 2 -2S 1 ,» 1 m. <s k ) +N, a, <s k ) 2 ) 
0 O * <s k ) 

= u 0 (s k ) 2 + (1/Ni) Z (S,.. a -2S,, a : tf B (s k ) ) 



rn - 1 



{ 0 10 5] :: W/l r?" «J XA'r . t*'? t" ■ T/l rPJ X 
A-CIS ^' < ^- A • ^ x /I ^r^T/i a U X"/, £ -ft- L 

x. mm^-^mrmzm^miz ^ihMz^^-z ) 

^fr:«(Cl??E-1'4> J: o T , JUfcltt 3 2 St5« 3 3 
r is) -r &#fa1 1 ?) > s ^).1t«?/r s 'C.?> S h 5 ^.)fil^(c 

nm*+t&* z?>>$. mi *< ^^mmi^mx-m 

[0106] 
IR4 5] 

S, 1 (s) = Z Ti (s) y, 
t : x, =x, 

[fi4 6] 

S," (s) = Z rt (s) y, y, 1 
t : x, =xi 

[«4 7] 

N, (s) = Z t. (s) 
t : x, =x, 

[ o i o t 3 rt ( s ) ma. m&\$&wm*s<.^) 

/l ^^)5f 5* * ^ f U ffl «rarc.?> £\ s s s mzi i i ?m 



Lsffifa $ 7*/l 3' '.; XA $: ffilfl-T 4 ,?> & - 
[ 0 1 0 S 3 < 5 . mmftm?)®m-;* H M^.)?feB£> 

ft&^m^ 'X . #X-r ••/ 7 : S(^S'ffl-r— ^^)>t^5:fi 

SI^OgEM (BflfSffi-Jtfcli) THd*\)X2*cryft 
: &*a^UmU*ftr>tz'/3\ ZiXii. HMiCfS? 

i 4£^)$tf# 5 ix 6 itM^Mzm \, v> v -i o b ^)"C?> 

[ o i o o ] *i»5i^ss ssuiii »t . mfismm 
£^L^«m^^)m^:>4t«yL« ( ?■ t ( s ) : mmt 
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(0 1 10] Jii|i^JEMI:«(i. m^ty^n'm?^ 

*>r^(l. BI5^)J: o(z^s ^5r}rS'l5<L^-MS> 
2o^>t& li\v?mt%5:£ 0 B BW,z-T^fz 

Witf^o^t ,>iy s< — 9 Sit, 6 = \u . c? 

( q 0 ) . is ( qj . .« ( q, ) . O ( q, ) . 

(q.) I "C\n& JL-IC .u (q) tilfc^q^HpttJlI 

( q ) (i1fc®qww; 3 .itfij.q^.)ft'lS5fgs. -f^;b^. -fc 
;t 7 >l -7 -IfeOilfMI^'r.m^^ H Mffldfett* .1 

10 11 1 1 

\ WA 8 3 r- \ s * ) = ?% ( q.- t > - ?'- ( q i ) 
5 - ( q . q ' ) 

— p (q.= q, <l-. : ~q . Y ) 

— p (C| : _=C|, q : _. — q' . s.= S • : 

— 5 l"i - ( q . q ' ) -I - ( S * , S * ) 

[Oil 1 ] Iff 7- t 1) ( q ; /t^^ I V) • q . q ' ) 

lj. rt < s * ) . 0-Cr>£ J r— S-flElflL . >0*-v 
?- 1 b ( ci,; ) r r t b ( q : ) - 1 c J; :"j ^-#3Sq 

S 4 • f/Q-->"C . fjr&is - f*orwiS 3*" , JX7,2:. , B , JT.*rt- 



[ -JSC I 9 ] -c - S * . s*| -s^.t'l". <!•;-.= . 



[ :i . q ■. 



q , q 



0 ) r- ( i ) v s.- i Y ; 
1^5 1 ] 

4 : ( i . .i ^ — p * $ ; — i . s - — J 1 Y ) 

[01123 i;JiV.w0K{5:HMM^WffllE(-l : .e^ 

:>{:=!:'). ^{^i : f§ft$-*±^.2 > >y<-? . ^5 4^ 

[01131 
1S5 2] 

?' l"i r ( <:i ) — p ( q r — q : S - = S * , Y 
[15 3 1 >-h r (q, q ' ) = P ( q ,= q . q t .: = 
q " ! S-~S . S ._j = S * . Y ) 

1^54 3 

r, ( q ) 

— v:> ( q,— q I Y ) 

= p ( <:i : = q . s t = S * ! Y ) 

- ?' h t ( q ) ?" r ( S * ) 

[«5 5] 



.... — $ * \" ) 

t±a > i > *:j 1 c (IjSS'^v > raofi. ?-h. (ni a^' 

l) ( q ) t: b ( q . <l * ) /yifta^il* C . t*£jt 

[0115] 
m5 6] 



[its 7] 



Va (q) 

- (Srh, (q) r t (s*) y l(1 }/(Zrh, (q) r. (s*) } 
t t 

o n (q) 

= {Zr h t (q) ri (s *)y t , D ! )/(ZT h t (q) T . (s *)-um(q)M 
t t 



v (q) 

= {2gh t (q,q)£ t (s*,s S | h , (q \ q) | , ( s *, s *) } 

t q* t 

[01 16] 1 1 *$.rt b ( q ) ol«J*r/L =? • J XA(.±. 20^>PtL v 4^^(^^ 

^-It b (q. q* ) ^)||-^($W$i-L^>mjI&]? - ft .^^cl^r 
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+c?.Y¥Wl~r>l 'f 1 * '<J,(z.i: 2 ii't>tzfr. *Uz 

[01171 INfBB^-^'.) W-SKc.J: S H 

■ si-sssi£i:.t zmstfi 

n^>frfijf 4^ * s s s&ommnw 

fo^-'jfWlZi-L&tzft. KSPWSS S^.)7-/i n'.J ?: 
-M4* *a ^5r H TCrBic;:)^syr[?l>e?*r^ I ». 

Ift^ftJRJIS* 3Sfr -i - & 1 > iz x . s I s s s 
S I — S S Si£jOMl?&c8!< 7 ; — - • ^ ^ 'L ^WIIte 

s . f/e.o'.: . . s i — s s smz£ z>*%3tfi 

[ o i i s i <6 . ^jmrnm^T^n^u^mmM^u 
mm>^^mm(zts v vcu. #mm^*>*ji*it 

H^^^^/l -t: v h > L "C H MSB 1 I irffffllt^o - 

mmMm 1 1 immmzm^tLfz^mmmm^' 

A *C'iP>& 1 Otf)H ^^{i^a^SS^SfiS:-]?^ x/L r 
HM5H1 li±>y^7vitffi**tJ4*3S^)4S^-:' 
BSlfc 5 ix . I® ^ -r /1 13^4*318* $ 

^)Hm*bi us, iimm^sss&tp^tmziLf^s i 

-SSSff;5:fflf>-:Bf!)*.(Sl?it^ KldS l-SSS 
7e. -^V^m^C^tt^//^ XifTBWSf? :<-?3mr£ 




rjmrmm*: #-m> .i^fz^issmizn— a^h m m 

W^-fz. SSS-LR « lot t-to-risiht r i sht most -J£ 
[Oil \ IH 1 . !£*£>%*#pil£-e ^ i r? 

^> i i/z/^^i'ix^m^^sm^iifz^. mmm 

&2iZ;J]*iLZ>. ^S^{±5SK2(i. 7vtl£il^#Pfi 

-/ -r A D TM L f* . m L l£ L P C -Jrfif -r L - H 

M-v 7 r A ^ 0 3 r /rLT#^&^4 CAll 2iXS - 
[012 0 ] #^3-£.§R4 (Ctf^g 5iX-5> H MJB 1 1 ii. 

ii. ^^i:^ixeiUUT^)+Sfl?e 
( a ) -SI? 

( b ) nTSg<5: > 7 - h ? 5 7 - 
( <:: ) VcVrVM. RW^WMfV) X h 

[0121] #*B3.^auii. ^Snx^xhfiffffiS 

^|xf? : 5]i^^)^- ^ ( i Jrt-r -S, *.ft>o »f tfi ?ix. C 
fti>O v ^^.X^r > L^LRm— -if 5(Cjg?ixS 1 

(1 . ^cft^iftaiC^il^.) H M Mtfflt wl.iXT i Nil 1*1 
? ^ sx r a '.; .x "i. -r -r ^ i f€m^"^ 
[0122] — ^SEfei:r<a-r-.^^-.x 2 0W) 
^fVE-o^g*^ ( c f g ) z's&iwM'n mmiz^i 

m L "C L R -r- 7 VI 1 3 3r-*j3t L T -'-^ * 'J t-TSSft ? 
iX4>, LRys— <f5ti. ±IELR-r— 1 3rf fl .?L 

rrWi . .x ■/ 7 r ^ :| J L -T -1* / <.*s: ^)(^^:)g?ffl-// VJ F?T 
l-CmH5ix^. LRys— Hf' 5(4. LRf-7';l- 1 3/p 

4(::,T,t|-r^. IiX(C/^¥Lt:, ^?3-&gC4(4. -c^) 
u^(::^f)5-1-^ H M*H 1 1 Wmmzm* L L . 

^; r )#:^r ^Wl^x 3T> l"CL R / r 5 (-^ L . 

iia;>: m j«f« i -c ^ < 2 > iz x n . )§m'm~^>i2M^ 

^c*nm(zt>\< _ mif.rgm^M *iitzm£li. 1 

i i -l-'x-T *:>TRt 5: ^ x ■•/ 7 L , t'-^^— 
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ijn?FP9 



S -S S *;j 



[01231 WJi^)^gfeff3fl|.^i-->v < . t5BHTtlH: , ,?ffi2 

>L ftlKiG 3 f^tti'^' < '9H=+3MLz£ -''Zffi 

«c 5 n o 5 ^ . n- S3* «^:>^6P £vr^ - 3 0 > M M 
SHI 1 > XS!fc@^:^r£^-^^-X 2 0 > L R -r — 7/1 
1 3 > wi'taSft -5 iX t 'J h ' 7 r »J 3 > (s. 
fa];Ui'' ^- b -r < X 9 ;< t 'J tiSlKSif l& . 
[0124] 

[mm) 

<7. ^M:>^S£f7i]-C-t5:. *^S£fl!?®^)S I ~SSS 
^SStcoi -*TIttMfl-*--S 3H«c(€Sl I > nXU-:m- '» 
a^a^aiCO^.-CiS^S, I^S^i. SSSiSfr' 

l "C ^4 < r^rais* ^i^c . si-ss 
-c\ a « ^ struts & m^&iisymmsmicx 035^? 

[0125] 7 . 1 ASmi^> *#ffl^)BW 
IK 0 «bBE:14tts5: & d > . acwafr ft*) J: 0 

-)^r;i, zfy) x^mm^^^lzii^brrz^ ->tz 

[012 6 ] Zili-yymmzii. ffltmm-xx ( = 
SttELfc. J£^54j1^3I!& (8#1 ~ 2--&) 
(•^itSWS^h^o>-^> . fS#(R#S^ (IS 
# 6 « ) "C 1 ! i . fi b ffiffl*MK>Hl ^ 5 2 4 0 #4S ( A -t: 

F ) 

'^1 i. fS?^-^)^- >•> X> . Si^+:;.>< >h 
t 0 . l ?)Z wc J; 0 , S S S ffi7y?g -r 

(C-t-/b: 1 5-a^.)f£#3tr' f 5 0^#-r^(-ie 
HL /^•.XS^SI^^-^fSiSS - ?- 3 [H]4g#L T v . ) 
7' t v h It ffi^f ? •Hr/c - C -t ■■/ h -r - 

zmmifz- tf-xmz (t*±mz) i.i#ut7-.; 



2 0 ' A. K u r e m a t s u e t a 1 . . "AT 
K J ,t p ;i fi e s e speech d :i I ;i l> h s 

e as a tool of speech r e o 

0 n i t i <:> n -a n d s >" n t li e sis". S 
i:» *:* e <r l*i o in in i.i n i c ■:t t i o n . 9 : S ■? 

3 t:i 3 . 1 0 9 0-P- . 'L": i 

{:: , ^ 3 - ' r ffiffl L "C . ^W2JiSc? Hifili^ iilti 

•N. Urntani e t a i . , "ATK I n I 
e r a t e t:l S p e e c h .:i n d L ;a i i ;^ m a 
:<* e E) a t a a s e " . AT Fi T e e h n i e a 

1 F; e p c> r i. T R - I T - 0 0 5 6 . 1 99 [ 
* ! #BS ; ot^S:2 2 H. S 

i n s e r e t a I . . "De ve 1 <:> t:> fu o ri t 
t e s t s e t: s a n d a d in i n 1st r a I 

1 v e t o o 1 s f o r ATR" s ti o n — r e 
a d s p e e r h d a t a h a s e s ( S L E* D 

a n d S D B ) . T e c h n i c a. 1 R. e p or I 
T R - I T - 0 118. A T R . 1 9 9 5 * : (ZiiK- » 

~:mz*nx t ^ =fc :) . ^e-t b > M h -t N > 
flS. ^l5IS-i& 1 S , ac^I.^ ( ^«I5^ I" , l 

snr (fi^#i:l:) ) izii-;^n?xm i T'>& 
ftm^%?)iiM6R%-z^ ^mizx^m^^'c i - ^ 

[ 0 1 2 7 3 J^iilLM^CfSm^-^ra^^X l-r- 

IS ) L f: ^ ^ ( ± . :o L ^ £ 

'.>^:rn-x7; v *?A i > i ^ *frt : > . J; 0 1 IS i 1>^:>> 

^o-Cl ^, :,")rXh-t :/ hCJi. ^ftfS-#4 S ( i; 
ISff^f^l 5.i*9711) >W4»«3* (^IS)F; 
J(^16. fUl 1 2 3 1 ) if^^iVZ^^h ■ 
[0 1281 7rtrr'^.*-?{±. -*t>7 0> 7'fWli-^l 

2 0 (J GHz. yV — A> 7F5i»is. 7 U — Afi2 0 
in s . 7 [ ) x > 7 t > x 0 . 9 8 , 16 L P C 7f Pr 

&isi 6\T.yrx b yi.ttn.. i 6&±yrx byi^ 

1g:ffl^)Eftff^[HH#Jg^)ft5*i. PUffiit a 9 7 U -2,71* 
( 1^-t^>> . 9 0 m s ^)[^mm ) ~Z'£) o ^ . l2M r ^M 

^) A & 7 > v sx - f 9 f T/i rf i j .7:2, rf^ffll "C ? r - > 
f fit*".XlSS 2 3 1 H . Sin .«c e r et a 1 . . 
"Speech retrod n i t i <> ri w i I ho 
i.i t # r a ni m a r o r \* o c a b li I a r >• 
c o n st r a i n t s , P r <:> c e e d i n & s 
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# 

of f n t* e r n ;i i i o n ;t I Con O n 
e e o n S p o k e n L a n •< u a s e P r <:> 
c e s s i n sc . pp. 2 2 0 7-2 21 U . 1 9 9 1 

[oi 20] 2 &%tmmin\mm® si - 

ii.. W^lrSflKfK)!-- F"C?t->^. 20 0 
0 0 fli^r*-/^ * iHB H M M £ift&*t3 

4 0 0 Aimtf*? X JMfi H M M * . - A -t f^) 

fffi*t#mi§ (262 Oil) (C-vh ^SSrfr-^. -Ma 
py V .+fo > — 2 6 figffl IX ((27 J: 




If: llil^t^^HAIMJi. 1 3 1 o»?>sa#'iutB 

15^2 1 ?WJ%.?v<— ■ o v /l ^-5fg5r^Tl . ^- ■ 
# ^ X Jrtfi H M M tfimSiI-^-fflr ffi^E L tz 

fit-?- 7 X h -r^H . iirf; 1 o c -i* 

[ 0 1 3 0 ] 

[ ?U ] 



si-sss sss si-sss 



94.5 96.1 '-'M-i.O 

Si 5 - 12 96.4 96.7 

93.9 95.3 95.1 

94.0 94.7 9 5.0 

93.2 94.2 94.6 
9 2 . 9 

95.5 



2 0 0 1 }ft& 4 0 0 $m 1 4 0 0 Itfffi 3 

ffrg- SSS SI-SSS sss 

MHT * 1 3 . ' J C )2.S 95.4 

MAU 93.6 93.2 95.2 

MXM 91.7 91.9 93.6 

FTK 91.5 91.1 92.9 

FMS 89.7 91.3 91.9 

F Y M 9 0 - 7 <■) 2 . 4 
9 3.6 9 5.1 

¥#7ffi 91.9 92.1 93.7 94.1 95.3 



[0131] n\fpbW;y/P'C:£ ¥^U^>%^ 
S S Si£^)B7^f^W:)S SS^J;') fM^Cim ^iSr 
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